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PREFERENCE SHOCKS FROM AGGREGATION: 
TIME SERIES DATA EVIDENCE 
 









   
We investigate the impact of preference shocks on the aggregate dynamics 
of the U.S. economy in the context of a neoclassical growth model derived from 
aggregation. The aggregation result we use is as follows: if markets are complete 
and if agents have identical preferences of the addilog type, then the 
heterogeneous-agent economy where agents are subject to idiosyncratic 
productivity shocks behaves as if there was a representative consumer who faces 
shocks to preferences and technology. We estimate the parameters in the 
aggregation-based model from the aggregate time-series data and compute the 
numerical solution. We find that the preference shocks play an important role in 
the aggregate labor-market fluctuations. 
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 1 Introduction
Real Business Cycle (RBC) models, in which ﬂuctuations are caused exclu-
sively by technology shocks, proved to be remarkably successful in accounting
for the properties of business cycles, observed in actual economies. There are
some exceptions, however.1 One important shortcoming of the typical RBC
model is that it predicts a strong positive correlation between working hours
and productivity (wages). The correlation between these two variables in the
data is however weakly negative. The latter empirical regularity is originally
documented by Dunlop (1938) and Tarshis (1939) and is often referred to in
the literature as the ”Dunlop-Tarshis” observation.2
Bencivenga (1992) demonstrates that extending RBC models to include
preference shocks can help to account for the Dunlop-Tarshis observation.3
To be speciﬁc, she incorporates preference shocks in a variant of the standard
neoclassical growth model by Kydland and Prescott (1982) with a logarithmic
utility function, a Cobb-Douglas production function and full depreciation of
capital. She calibrates the preference shocks to match aggregate time-series
data on the U.S. economy and ﬁnds that the model generates a weak negative
correlation between working hours and productivity. Nonetheless, the model
considered in Bencivenga (1992) has diﬃculties in replicating some other
features of the data. In particular, it over-states dramatically the volatility
of consumption (by a factor of six) as well as the volatilities of such a model’s
variables as output, labor and labor productivity (by a factor of two-four); it
counterfactually predicts that consumption is more volatile than output and
that labor productivity is negatively correlated with output; etc.
Maliar and Maliar (2003a) consider a neoclassical economy with hetero-
geneous agents and show that, at the aggregate level, preference shocks can
arise as a consequence of idiosyncratic labor productivity shocks. To be pre-
cise, the following aggregation result is shown: if markets are complete and
if agents have identical preferences of either the Cobb-Douglas or addilog
types, then a heterogeneous-agent economy, where idiosyncratic labor pro-
ductivity shocks are the only source of uncertainty, behaves as if there was a
1See King and Rebelo (1999) for a discussion.
2A large body of the literature focuses on this ”labor market puzzle”, e.g., Christiano
and Eichenbaum (1992), Bencivenga (1992), Gomme and Greenwood (1995), Maliar and
Maliar (2001, 2003a).
3Bencivenga (1992) argues that preference shocks may be interpreted as resulting from
shocks to household production or from changes in relative prices.
3representative consumer who faces three kinds of shocks, to preferences, to
technology and to labor input.4 Particular assumptions about idiosyncratic
shocks do not aﬀect the structure of the constructed one-consumer model
but just the stochastic properties of the aggregate shocks. Maliar and Maliar
(2003a) calibrate the model to reproduce the distribution of wealth and the
process for the individual labor earnings from the U.S. household data. This
paper ﬁnds that preference shocks from aggregation have virtually no eﬀect
on aggregate dynamics.5
There are several diﬀerences between the models studied in Bencivenga
(1992) and Maliar and Maliar (2003a), which can potentially explain why
preferences shocks are quantitatively important in the former model but play
little role in the latter model. Speciﬁcally, Bencivenga (1992) considers two
types of preference shocks (one to the consumption term and another to the
leisure term of the additively separable utility function); she assumes full
depreciation of capital; and she calibrates the properties of the preference
shocks from aggregate time-series data. In contrast, the model by Maliar
and Maliar (2003a) contains just one type of preference shock (one to the
leisure term of the additively separable (addilog) utility function); it has
partial depreciation of capital; and it is calibrated to reproduce evidence
from household data.
The purpose of the present paper is twofold. First, given the diﬀerence
seen between the results of Bencivenga (1992) and those of Maliar and Maliar
(2003a), we attempt to determine under precisely what conditions prefer-
ence shocks are important in aggregate dynamics. Second, given that the
model considered in Bencivenga (1992) has several undesirable features, we
investigate whether the aggregation-based variant of the neoclassical growth
model derived in Maliar and Maliar (2003a) can generate empirically plausi-
ble predictions if it is calibrated to reproduce aggregate time-series data, as
in Bencivenga (1992).
To estimate the parameters of the aggregation-based model, we use the
aggregate time-series data on the U.S. economy. We assume that the prefer-
ence and technology shocks follow a ﬁrst-order autoregressive process and we
4Shocks from aggregation do not arise in economies derived from aggregation under the
assumption of time-invariant individual characteristics, e.g., Chatterjee (1994), Atkeson
and Ogaki (1996), Caselli and Ventura (2000), Maliar and Maliar (2001).
5Maliar and Maliar (2003a) show that another type of shock from aggregation, namely,
the one to labor input, can have a non-trivial eﬀect on the aggregate dynamics. This type
of shock is not considered in the present paper.
4estimate all the model’s parameters, including a matrix of the transitional
probabilities and the variances of the error terms, by Hansen’s (1982) Gener-
alized Method of Moments (GMM) procedure.6 We then calibrate the model
and simulate the solution.
We ﬁnd that under the above calibration procedure, preference shocks
have a non-trivial eﬀect on the model’s predictions. As Bencivenga (1992)
does, we too obtain a weak correlation between productivity and working
hours. This prediction is robust to changes in the values of the key model’s
parameters, including the discount factor, the intertemporal elasticities of
consumption and leisure and the autocorrelation coeﬃcients. As far as the
other predictions are concerned, they are practically identical to those gener-
ated by the benchmark Kydland and Prescott’s (1982) model and are in line
with the U.S. data. That is, our model does not suﬀer from the problems
encountered in Bencivenga (1992).
Our analysis has the following two implications: First, whether preference
shocks aﬀect aggregate dynamics or not depends crucially on how the model
is calibrated. We argue that the aggregate preference shocks play a very
little role in the analysis of Maliar and Maliar (2003a), because, under the
assumptions used in this paper, idiosyncratic shocks are almost uncorrelated
across agents, so that they, literally, oﬀset each other when they are aggre-
gated in the preference shocks. In actual economies, however, idiosyncratic
shocks can be signiﬁcantly correlated, which is likely to be reﬂected in the ag-
gregate time series data.7 The result is that the preference shocks measured
in the present paper from the aggregate time series data are much greater
than those computed in Maliar and Maliar (2003a). Secondly, given that our
aggregation-based model with technology and preference shocks can account
remarkably well for the U.S. data, we can attribute all the shortcomings of
Bencivenga’s (1992) model to the two assumptions that distinguish her setup
from ours, namely, full depreciation of capital and shocks to the consumption
term of the utility function (which are absent in our model). Indeed, full de-
6The model in Bencivenga (1992) admits a closed-form solution, which simpliﬁes the
estimation procedure since the maximum likelihood function can be constructed explicitly.
We cannot adopt this approach, as our more general setup does not admit a closed-form
solution. Instead, we use the GMM procedure, which makes it possible to estimate the
parameters without knowing a solution.
7The simplest example that shows the existence of such a correlation is an empirical
regularity that workers tend to loose their jobs during recessions and ﬁnd jobs during
expansions.
5preciation makes capital stock excessively volatile, which magniﬁes the size
of ﬂuctuations in general, while the shocks to the consumption term of the
utility function exaggerate consumption ﬂuctuations even further, leading to
the counterfactual prediction that consumption is more volatile than output.
This paper is organized as follows: Section 2 describes the model de-
rived from aggregation and outlines the estimation and solution procedures.
Section 3 presents the numerical results, and ﬁnally, Section 4 concludes.
2 The model and the methodology of the nu-
merical study
The economy is populated by an inﬁnitely-lived representative consumer who
has a momentary utility function of the addilog type and who solves the


























where the initial condition (k0,θ0,X 0) is given. Here, E0 is the operator of
the conditional expectation; ct, kt and ht denote consumption, capital and
hours worked, respectively; δ ∈ (0,1) is the discount factor, γ,σ,A>0 are
the parameters of the utility function; d ∈ (0,1] is the depreciation rate
of capital; f (kt,g tht)=kα
t (gtht)
1−α with α ∈ (0,1) is the Cobb-Douglas
production function, and g is the rate of the labor-augmenting technology
progress. The variables θt and Xt will be referred to as technology and
preferences shocks, respectively.
Maliar and Maliar (2003a) show that the representative-consumer model
(1), (2) c a nb ev i e w e da st h eo u t c o m eo fa g g r e g a t i o n .I ti ss p e c i ﬁcally shown
that if markets are complete and if all agents have identical preferences of
the addilog type, then a neoclassical economy, where agents face idiosyncratic
shocks to earnings, behaves as if there was a representative consumer who
solves the utility maximization problem (1), (2).
6We calibrate the model in a way that is standard in the RBC literature,





















where {ρθθ,ρθX,ρXθρXX} are the autocorrelation coeﬃcients, εθ
t ∼ N (0,ν2
θ)
and εX
t ∼ N (0,ν2
X). We then estimate the model’s parameters, including
those in (3), and simulate the solutions.
To estimate the parameters, we use quarterly data on the U.S. economy
ranging from 1959 : 3 to 1998 : 3. For a description of the data set see Maliar
and Maliar (2003a). Unfortunately, quarterly data on aggregate eﬃciency
hours worked, ht, are not available, just those on aggregate physical hours
worked, nt. As shown in Maliar and Maliar (2003a), these two model’s
variables are related as
nt =1− (1 − ht) · πt, (4)
where πt is the labor-input shock, whose stochastic properties depend on spe-
ciﬁc assumptions about the distributions of wealth and idiosyncratic shocks.
We abstract from the eﬀect associated with the labor-input shock and inves-
tigate the robustness of our results with respect to changes in the measure
of labor input. We speciﬁcally consider two alternative proxies for ht.O n e
is the level of employment and the other is aggregate physical hours worked.
Our results proved to be robust to changes in the measure of labor input
used.
To estimate the model’s parameters, we use Hansen’s (1982) version of
Generalized Method of Moments (GMM). Our estimation procedure is close
to the one used in Christiano and Eichenbaum (1992). The utility param-
eters, γ and σ, and the subjective discount factor, δ, are not estimated. In
the baseline case, we assume γ = σ =1and δ =( 1 .03)
−0.25. Afterwards,
we analyze the robustness of our results by considering several alternative
speciﬁcations for these parameters.8 We subdivide the parameters into two
groups, Ψ1 and Ψ2,d e ﬁned as









8Strictly speaking, when σ =1 ,w eh a v eXt = X for all t, i.e., the preference shock
disappears from the representative-agent model (1), (2) (see Maliar and Maliar, 2003a).
However, an ε-deviation of σ from one is suﬃcient to revive the preference shocks. Also,
as we shall see, all of the tendencies we observe for the case σ =1are robust to changes
in σ. We stick to the case of σ =1merely for the sake of convenience.
7We then proceed in two steps: First, we estimate the parameters from the
group Ψ1 by employing the ﬁrst-moment conditions of the model (1), (2) and
compute the residuals θt and Xt. Secondly, we estimate the parameters from
the group Ψ2 by using the residuals. Given that the stochastic properties
of the processes for θt and Xt are not known, we compute the instrumen-
tal variable estimator at both steps. As instruments, we use the variables
consumption, capital, output and hours worked, taken up to eight lags. The
ﬁrst-moment conditions, employed for estimating the parameters from Ψ1,
a r eg i v e ni nt h eA p p e n d i x .T h ep a r a m e t e r sf r o mΨ2 are estimated according
to (3).
The estimates of the parameters from Ψ1 obtained in the baseline model










where the numbers in brackets are the standard deviations. These estimates
are practically identical to those reported by Christiano and Eichenbaum
(1992). Our estimates proved to be robust to modiﬁcations in the set of
instruments and in the number of lags. To economize on space, we do not
report the parameters from Ψ1, just those from Ψ2, for the remaining values
of (γ,σ,δ).
We parameterize the model by using the values of the parameters, which
have been previously estimated by GMM, and solve for equilibrium. To
compute numerical solutions, we employ the parameterized expectations al-
gorithm by den Haan and Marcet (1990). We restrict the time series so-
lution by imposing ”moving bounds”, as described in Maliar and Maliar
(2003b), which resolves the problem of ﬁnding a good initial condition and
makes it possible to systematically achieve convergence starting from the
non-stochastic steady state. We approximate the conditional expectations
by a second-order degree exponentiated polynomial. The length of simula-
tions was 10000, and the iterations were performed until 5-digit precision in
the polynomial coeﬃcients was enforced.
In Table 1 and Table 2,w er e p o r tt h eﬁrst and second moments of time
series generated by the model. In the last column of Table1, we also provide
the selected ﬁrst and second moments of time series in the U.S. economy.9
The reported statistics are the sample averages of the variables provided in
9Some of the moments obtained for the U.S. economy are on the upper side of those
found in related studies, e.g., King, Plosser and Rebelo (1988), Smith (1993). This is
8Table 1. Shocks parameters and selected statistics for the U.S. and artificial economies: the 
baseline parameterization, g = 1, s = 1, d = 1.03
 -0.25.    
 
  Models  U.S. 
           
  Model 1  Model 2  Model 3  Model 4  economy 
           
Shocks parameters   
           
rqq  0.99456 
(0.00939) 
-  0.99602 
(0.01588) 
0.95000  - 
           
rqX  -  -  0.00594 
(0.01551) 
-  - 
           
rXq  -  -  0.10496 
(0.01654) 
-  - 
           




0.95000  - 
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 Table 2. Shocks parameters and selected statistics for the artificial economies: sensitivity 
analysis with respect to (g,s,d). 
 
  Models 
             
  Model 5  Model 6  Model 7  Model 8  Model 9  Model 10 
             
  g = 0.75  g = 1.5  g = 1  g = 1  g = 1  g = 1 
             
  s = 1  s = 1  s = 0.5  s = 2  s = 1  s = 1 
             
  d = 1.03
 -0.25  d = 1.03
 -0.25  d = 1.03
 -0.25  d = 1.03
 -0.25  d = 1.05
 -0.25  d = 1.015
 -0.25 
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 the ﬁrst column of the table. The statistics σx and corr(x,z) are the volatil-
ity of a variable x and the correlation between variables x and z, respectively.
The model’s moments are sample averages of the statistics computed for each
of 400 simulations. Each simulated series has a length of 157 periods, as do
time series for the U.S. economy. The numbers in brackets are sample stan-
dard deviations of the statistics. Before calculating the second moments, we
logged the corresponding variables for the U.S. and artiﬁcial economies and
detrended them by using the Hodrick-Prescott ﬁlter with a penalty parameter
equal to 1600.10
3 Results
In this section, we present the simulation results. We begin by considering
the case in which the economy only experiences shocks to technology.
• Model 1: ρθθ is estimated under the restriction ρXθ,ρθX,ρXX ≡ 0.
This version of the model has been extensively studied in the literature,
e.g., Hansen (1985), and Christiano and Eichenbaum (1992). These two
papers use diﬀerent values for the coeﬃcient of autocorrelation ρθθ:T h eﬁrst
one assumes AR(1) with ρθθ =0 .95, while the second one uses the random-
walk speciﬁcation, ρθθ =1 . As can be seen in Table 1,o u ro w ne s t i m a t ei s
close to the latter one.11
A comparison between the results of Hansen (1985) and those of Chris-
tiano and Eichenbaum (1992) shows that the key properties of the model are
not substantially aﬀe c t e db yav a r i a t i o ni nt h ec o e ﬃcient of autocorrelation.
essentially the result of diﬀering deﬁnitions of the model’s variables. In particular, we
deﬁne the variable ”output” as a sum of consumption and investment in the data, while
the above two papers deﬁne output as GDP.
10To check the robustness of our results to a ﬁltering procedure, we recompute all of the
statistics, both in the model and in the data, under Baxter and King’s (1999) band-pass
ﬁlter with frequency components of between 6 and 32 quarters, and with 12 lags, which
is the parameterization that corresponds to the quarterly data. We ﬁnd that the results
under the two ﬁlters used are practically identical.
11We ﬁnd that the estimate of the autocorrelation coeﬃcient ρθθ depends signiﬁcantly
on which particular time series is used as a proxy for working hours. If we use aggregate
working hours, as Hansen (1985) does, the estimates for ρθθ will be about 0.95.H o w e v e r ,
if we use the deﬁnition proposed by Christiano and Eichebaum (1992), which is adopted
in this paper, the estimate for ρθθ will be close to one.
11Speciﬁcally, in either case, the model can generate most of the statistics in
line with the data, except for those with respect to labor markets. The most
serious failure of the model is its inability to account for the Dunlop-Tarshis
observation, which was that productivity (wage) and hours worked in real
economies are weakly correlated. In fact, the quantitative expression of the
Dunlop-Tarshis observation varies substantially, depending on the time se-
ries used. For example, Christiano and Eichenbaum (1992) calculate the
correlation between productivity and hours worked for the U.S. economy by
computing the aggregate hours worked from two diﬀerent household data sets
a n do b t a i nv a l u e so f−0.2 and 0.16. According to Gomme and Greenwood
(1995), if the real wages are used as a proxy for productivity, this statistic is
−0.44.
As it turns out, the model does not even come close to any of the above
numbers, but consistently predicts that the correlation between productivity
and working hours is close to one. In addition, it considerably over-states
the correlation between productivity and hours worked, and understates the
volatility of productivity and the volatility of working hours when compared
to the data.
We next turn to the case in which all uncertainty in the economy comes
from shocks to preferences.
• Model 2: ρXX is estimated under the restriction ρXθ,ρθX,ρθθ ≡ 0.
This version of the model proves to be highly unsuccessful in reproducing
the data. It generates several serious failures, such as very low volatility in
consumption, output and investments, and an almost perfect negative corre-
lation between productivity (output) and working hours. It is interesting to
note that, in this case, the problem is exactly the opposite to the one that
we had before: the productivity (output) and working hours in the model
are too countercyclical in comparison to the U.S. data.
We now consider the model with shocks to both technology and prefer-
ences.
• Model 3: ρθθ, ρXθ, ρθX, ρθθ are estimated without restrictions.
Once both types of shocks are assumed, the model’s predictions improve
considerably compared to those of Models 1 and 2. To be more speciﬁc,
Model 3 generates a weakly negative correlation between productivity and
12hours worked and, therefore, accounts for the Dunlop-Tarshis observation.
Furthermore, the correlation between productivity and output in the model
is close to that in the data. Finally, the inclusion of the two diﬀerent types
of shocks increases the volatility of all the model’s variables (except that of
investment), which improves the model’s ﬁt to the data. In particular, the
volatility of working hours in Model 3 is more than twice as large as in Model
1 and comes close to its empirical counterpart.
Bencivenga (1992) was ﬁrst one to study a variant of Kydland and Prescott’s
(1982) model with both preference and technology shocks. She assumes a
logarithmic utility function that is additive in consumption and leisure, and
postulates two diﬀerent kinds of preference shocks, one to the consumption
term and the other to the leisure term of the utility function.o(She argues that
such preference shocks can result from ﬂuctuations in household production
or changes in relative prices.) Furthermore, she assumes a Cobb-Douglas pro-
duction function and a full depreciation of capital, in which case the model
admits a closed-form solution.12 Bencivenga (1992) ﬁnds that if the model
is calibrated to match the aggregate time-series data, it predicts a weakly
negative correlation between working hours and productivity. However, the
model considered in Bencivenga (1992) has several important shortcomings:
it dramatically over-predicts the volatilities of such model’s variables, like
consumption (by a factor of six), output (by a factor of three), labor (by
a factor of four) and labor productivity (by a factor of two), and it pre-
dicts a wrong (negative) sign of the correlations between consumption and
productivity and between output and productivity.
Maliar and Maliar (2003a) study the quantitative implications of the
aggregation-based model (1), (2) by parameterizing the technology and pref-
erence shocks to reproduce evidence from U.S. household data, speciﬁcally,
the distribution of wealth (equivalently, the distribution of welfare weights)
and the process for the idiosyncratic labor productivity shocks. This paper
assumes that the process for idiosyncratic shocks is given by the sum of the
aggregate and individual components. It turns out that, under this assump-
tion, the volatility of the aggregate component, measured from the data, is
relatively less than that of the individual component, so that the idiosyn-
cratic shocks are practically uncorrelated across agents. The aggregation
of such idiosyncratic shocks leads to considerably small preference shocks,
12Bencivenga’s (1992) model can be obtained from (1), (2) by setting d =1 , γ =1 ,
σ =1 , g =1and by adding a multiplicative shock to the consumption term in (1).
13so that the role played by preference shocks in aggregate dynamics is quite
modest.
A comparison between the predictions of our Model 3 and those of Ben-
civenga’s (1992) model shows that the excessive volatility in the latter model
is derived, ﬁrst, from the assumption of full depreciation of capital, which
makes capital and therefore, other variables too volatile, and secondly, from
the assumption of consumption preference shocks, which, in particular, ex-
plains why consumption is more volatile than output is. Regarding a com-
parison of the implications between our Model 3 and those of Maliar and
Maliar’s (2003a) setup, we conclude that the insigniﬁcant impact of the pref-
erence shocks on the aggregate economy’s behavior in the latter paper is the
result of the calibration procedure used, which does not seem to fully cap-
ture the co-movement of idiosyncratic shocks of diﬀerent agents. However,
the correlation between the idiosyncratic shocks across agents is likely to be
reﬂected in the aggregate time-series data, which we have used for calibration
in the present paper. This is what explains the diﬀering results.
To complete our analysis, we shall investigate how robust our results are
to modiﬁcations in the model’s key parameters. We start from the sensitivity
analysis with respect to the autocorrelation coeﬃcients by considering the
following experiment.
• Model 4: ρθθ ≡ 0.95, ρXX ≡ 0.95 and ρXθ, ρθX ≡ 0.
As it follows from the table, this modiﬁcation not only preserves the
positive features of the previous setup but also allows us to bring the model’s
predictions about the volatilities of investment, output and working hours
closer to the data. We have done some other experiments (not reported),
and found that the model’s implications are very robust to changes in the
autocorrelation coeﬃcients.
We next explore how the model’s predictions are aﬀected by changes in
the values of the preference parameters (γ,σ,δ). Below, we report the results
of experiments in which we vary the value of one of the parameters (γ,σ,δ),
while holding the remaining two parameters equal to the baseline values. In
all of these experiments, the autocorrelation coeﬃcients are estimated from
the data with no additional restrictions. Models 5-10 are as follows:
• Models 5, 6: σ =1 .0, δ =1 .03−0.25 and γ ∈ {0.75,1.5}.
• Models 7, 8: γ =1 .0, δ =1 .03−0.25 and σ ∈ {0.5,2.0}.
14• Models 9, 10: γ =1 .0, σ =1 .0 and δ ∈ {1.05−0.25,1.015−0.25}.
The results of this simulation exercise are reported in Table 2. First of
all, we should explain that the fact that the estimated coeﬃcients of the
autocorrelation ρθθ in Models 6 and 8 are greater than one does not imply
non-stationarity. For the process for shocks θt and Xt to be stationary, it is
suﬃcient that both eigenvalues of the matrix constructed from the autocor-
relation coeﬃcients lie within the unit root circle, see, e.g., Hamilton (1994).
This restriction is satisﬁed in each of the cases considered.
As we can see from Table 2, the variations considered in the preference
parameters (γ,σ,δ) do not signiﬁcantly aﬀect the properties of the model.
An exception is Model 6, in which the correlation between productivity and
working hours becomes too negative. Even this value however is not entirely
inconsistent with the data, because it is reasonably close to the correlation
between real wages and working hours in the U.S. economy. In summary,
we conclude that the model’s predictions are robust to changes in the key
parameter values.
4C o n c l u s i o n
This paper investigates the quantitative implications of a one-consumer neo-
classical growth model with two types of shocks, one to technology and an-
other to preferences. The model studied is derived from aggregation: it
describes the aggregate behavior of a heterogeneous-agent economy, in which
agents face perfectly insurable idiosyncratic shocks to earnings. The possi-
bility of aggregation enables us to infer the properties of aggregate dynamics
of the underlying heterogeneous-agent economy by imposing restrictions ex-
clusively at the aggregate level, as is typically done in the RBC literature;
the distributive dynamics need not be characterized explicitly.
The main ﬁnding of this paper is that if the aggregation-based model
with both technology and preference shocks is calibrated to match the U.S.
time-series data, it explains the key features of business cycle ﬂuctuations
in the U.S. economy surprisingly well. Moreover, to account for the data,
we do not need shocks to both the consumption and leisure terms of the
utility function, as assumed in Bencivenga (1992). It is suﬃcient just to
have a shock to the leisure term of the utility function that is obtained on
the grounds of the aggregation theory in Maliar and Maliar (2003a).
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5 Appendix
In this appendix, we describe the conditions used for the estimation of the
model’s parameters with the GMM procedure. The economy’s budget con-
straint (2) implies that the gross investment it is related to the capital stock
kt by
E {1 − d +( it+1/kt) − (kt+1/kt)} =0 .
The assumption of the balanced growth yields
E {ln(yt) − ln(yt−1) − ln(g)} =0 ,
E {ln(ct) − ln(ct−1) − ln(g)} =0 ,
17E {ln(kt) − ln(kt−1) − ln(g)} =0 .
The intertemporal ﬁrst-order condition of the problem (1),(2) is
E {1 − δ(ct/ct+1)[1− d + α(yt/kt)]} =0 .
The intratemporal ﬁrst-order condition of (1),(2), expressed in the loga-
rithms, is
ln(Xt)=−γ [ln(ct) − gt]+σln(1 − ht) + ln[(1 − α)yt/ht] − ln(g)t − ln(A).
Finally, with the assumption of the Cobb-Douglas production function, we
have
ln(θt)=l n( yt) − αln(kt) − (1 − α)ln(ht) − (1 − α)ln(g)t − ln(θ),
where θ denotes the absolute level of technology.
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